Abstract. Cattle comfort is one of the main factors which influence profitability of dairy farms due to its
The authors concluded that for dairies in which environmental mastitis predominate, it is possible to expect a change of 40-50,000 cells in the herd average per unit change in the hygiene score. This would mean that a drop in the score from 4 to 2 would represent approximately 100,000 less SCC in the bulk tank. Premiums would be added on top of the SCC content depending on the bacteriological count, milk protein, and volume. What could be the economic impact of improving cow hygiene score?
In Table 1 , an SCC of 350,000 represents the "0" in the premiums scale (300,000 or less leads to premiums; >400,000 leads to penalties). With a hygiene score of 4 and SCC of 350,000, there will be no premiums or penalties. If through management practices a dairy is able to modify its hygiene score from 4.5 to 1.5, it would represent an estimated drop in SCC of 150,000 and presumably a monthly average of 200,000 SCC. Premiums for low SCC are paid per pound of protein basis relative to 3.0% protein content. In this example, for an average protein of 3.05% for the farm, the SCC premiums per cwt (1 cwt = 100 lb milk) would be calculated as:
($0.375/100 lb milk) * (3.05%/3.0%) = $0.381/100 lb milk or $0.381/cwt. A 1,000-cow dairy producing 80 lbs per cow day ships 800 cwt daily, which represents approximately $300 in SCC premiums alone. Reductions in SCC result from fewer bacteria in the udder and milk, which may result in additional quality premiums (low bacteria counts in milk cultures) and increased milk production (healthier milk secretory tissue). Examples of the premiums that can be expected due to a reduction in bacteria counts are in Table 2 . 
Production Losses
Even if quality premiums were not enough incentive for a dairy producer to improve cow hygiene, he should consider that a drop in SCC increases production, improves animal health, decreases mastitis treatment costs, reduces culling losses, increases longevity and reduces the need for replacement heifers. Daily milk losses that can be expected with the increases in SCC are shown in Table 3 . This milk can be considered "opportunity milk" as it is potential milk that could have been produced at no additional cost. Higher SCC in the bulk tank indicates the presence of more intramammary infections in the herd. Even in the absence of clinical cases, subclinical mastitis results in milk production losses that can approach 75% of the total (Fetrow, 1980) . Milk components can also be affected, which add to the losses in premiums for quality. De Graves and Fetrow (1993) reported that fat content was reduced between 3% and 12%, and nonfat solids between 2% and 11%. When subclinical mastitis turns into clinical mastitis the greatest economic loss is again reduced milk production. A reduction of 11% in production has been reported when clinical mastitis occurs in fresh cows (Lucey and Rowlands, 1984) , with 5.9% and 6.4% as overall herd decrease. According to DeGraves and Fetrow (1993) , reduced milk production represented 85% of the loss per clinical case when milk withheld as a result of antibiotic treatment was factored in, with veterinary fees, treatment, and additional labor adding up to 15% of the total. Bareille et al. (2003) reported that clinical mastitis reduced milk yield by 65 to 160 kg per case, and that the losses due to mastitis per quarter were 13 kg.
Teat Condition
Teat integrity is of great importance from the point of view of milk production, its quality and overall cow well being and health. Healthy teats decrease the incidence of intramamary infections, improve cow prep and milk letdown. These factors impact dairy cattle involuntary culling and contribute to prolong their productive life. The milking machine is the only piece of equipment on the farm with which cows enter in direct contact two, three or in some dairies even four times a day. In spite of this, teat lesions resulting from over-milking or vacuum fluctuations are seldom considered when assessing cow comfort. Cows that kick the milking unit and or shift the weight from one rear leg to the other ("dancing") are signs that there might be problems with the units and/or that the milking itself is not a pleasant experience for the animal. The main objective for a dairy should be to determine what percentage of the herd is affected by teat lesions.
The system to be used should be simple and allow for uniformity among those that perform it. In general one should score separately the teat barrel and its tip. Descriptive characteristics of the dryness of the teat skin are easy to remember and describe, for example: light, moderate, and severe. The amount and hardness of the keratin in the teat ends can also be similarly assessed. Mein et al. (2001) It is very important to consider the number of animals to score:
• In dairies with less than 100 cows it may be more practical to do it in every animal;
• In larger dairies it should be done in 80 animals chosen at random or 20% of the herd, whichever number is larger. This scoring system can be used to determine the presence of hyperqueratosis, of which there is a smooth and rough form. The origin of this condition is oftentimes associated with the aspiration of the end of the teat during over-milking. The shape of the teats is also important and hyperqueratosis is more frequent in those that are pointy. Problems related to the milking machine itself are usually less common and more difficult to solve. Determining the presence of hyperqueratosis is important as it is an indicator of the presence of predisposing factors that should be avoided for other reasons such as, inadequate premilking stimulation and over-milking. Lesions on the teat end and/or the teat skin predispose the cow to bacterial infection particularly of Staphylococcus aureus.
Lameness
According to the Farm Animal Welfare Council (1997), lameness is among the best welfare indicators for dairy cattle. Lame cows have greater production losses, impaired reproduction, and are more likely to be culled. There are predisposing as well as determinant causes of cattle lameness. Excessively smooth floors in holding pens may result in trauma due to falls. On the other hand, irregular, excessively abrasive floors may result in hoof lesions characterized by laminitis, separation of the white line and erosion of the heels. Hoof hardness is critical, particularly in the presence of abrasive conditions such as rough concrete. Borderas et al. (2004) showed water quantity and rate of absorption greatly influence the incidence of claw lesions. Nearly one third of the total water absorbed by the hoof was during the first hour of exposure to high moist conditions, resulting in heavier and softer hooves.
Adequate nutrition is fundamental to maintain hoof integrity and prolong productive life. For example, subclinical acidosis and its clinical manifestation, laminitis, may result from nutritional or even management errors. Inadequate amounts of dietary effective fiber can result from excessive grain supplementation or the presence of highly fermentable carbohydrates. Sprecher et al. (1997) developed a 5-point locomotion score, with special emphasis on back posture (Table 4 ). The objective was to predict future reproductive performance and culling risk. The system is based on observing cows that are standing or walking, with special emphasis on the posture of the back. Additional observations should include tracking (hind feet on fore feet position), head bob (extent of movement and level of bobbing), and whether feet point in the direction of travel (O'Callaghan et al., 2003) . Locomotion scoring is an effective method for early detection of hoof disorders, monitor lameness prevalence, compare the incidence and severity of lameness between herds, and identify cows that need hoof trimming. The observation must be performed on a flat surface that provides good traction. One must examine the cows with a score of 2 or 3 and trim the hooves accordingly to prevent more serious problems.
Repeated trauma of the hocks due to inadequate stall design and/or bedding surfaces can lead to hock lesions. Their severity can be evaluated through the hock lesion score, where 1 equals normal with no lesions or hair loss; 2 shows hair loss, with no swelling; 3, has swollen hocks with or without hair loss. Hock injury scores can be easily performed by an observer walking through the parlor while each string of cows is being milked. Calculations are as follows:
Percent cows with hock lesions: (# scores 2 or 3 / # cows scored)*100%
Economic Implications
Lameness costs can be direct (treatment) or indirect due to a decrease in reproductive performance, decreased production, or early culling. Sprecher et al. (1997) showed that days to first insemination, days open, time spent in the breeding group and services per conception were more prolonged in lame cows (Fig.  3) . In a more recent trial, Garbarino et al. (2004) reported lameness was related with delayed ovarian activity during the post calving period of Holstein cows. Cows classified as lame had 3.5 greater probability of delayed cycles when compared with those that were healthy. From these results it was concluded that the return to normal ovarian cycles in lame cows can be improved by 71% by just preventing the onset of lameness. The locomotion scoring system can be used to evaluate the expected reduction in feed intake and milk production (Table 5 ) and thus predict economic losses. The greatest drop in milk production in comparison with dry matter intake implies the cow gives priority to the use of energy to maintain body tissues with the reduction in intake reflecting on milk production. Rajala-Schultz et al. (1999) reported that lameness decreased milk yield by up to 310 kg per lactation. 
Feeding Behavior and Cow Comfort
A recent trial (González et al. 2008 ) evaluated the changes in short-term feeding behavior that occurred with the onset of ketosis, acute locomotion problems, and chronic lameness in lactating dairy cows. Feed intake, feeding time, and number of daily feeder visits were recorded with computerized feeders. Ketosis was characterized by rapid daily decreases in feed intake, feeding time, and feeding rate during an average of 3.6 days before diagnosis by farm personnel (Table 6 ). Acute locomotion disorders had smaller daily decreases in feed intake and feeding time, and a daily increase in feeding rate during an average of 7.7 days from onset to diagnosis. Daily feeding time was the behavior that changed most consistently. In this trial it was possible to detect more than 80% of cows with acute disorders at least 1 d before the farm personnel was able to clinically diagnose the problem. In this study, changes in short-term feeding behavior were very characteristic of the onset of the disorders evaluated. Bareille et al. (2003) also concluded that ketosis reduces milk yield and feed intake over a short time period. Regularly monitoring feeding behavior could thus be a useful aid in the early identification of sick cows. As dairy farms grow in size this reduces the human-animal interaction, and relying only on the detection by farm personnel with variable training becomes increasingly subjective. It is thus possible that many subclinical problems escape diagnosis and can lead to clinical problems later in the lactation. An earlier veterinary attention and management change, increases treatment effectiveness, improves animal welfare and reduces overall cost. According to some, overall body condition score can be used as another measurement of cow comfort as they give an indication of how well cows are being fed. González et al. (2008) 
Manure Scoring
Manure consistency is an indicator of the presence of digestive upsets. These can not only be originated in dietary unbalances but they can also be the result of management flaws related to inadequate ration mixing, animal sorting and/or competition at the feed bunk. Animal competition can result in an uneven intake of feedstuffs (forage and/or concentrate), particularly when there are primiparous and multiparous cows in the same group. An increased amount of undigested grain in the manure or a pH of the manure under 6.0 suggests rate of passage might be accelerated. This may be a result of an inadequate amount of effective fiber in the diet, which is needed for an adequate fiber mat formation. It also suggests that subclinical and eventually clinical acidosis may be potential problems, leading to a drop in the percent of milk fat and even result in an inverted milk fat to milk protein ratio.
Manure can be evaluated and scored based on its consistency, which can suggest dietary unbalances and alert of potential problems (Table 7) . It is to be noted, however, that there is a considerable variability in the manure consistency from cow to cow. Not withstanding, abrupt changes in its appearance may indicate changes in the composition of the diet and alert us of potential problems. 
Cow Comfort Indices
Several indices have been developed to evaluate cow comfort. The cow comfort index is one assessment of stall suitability and is given as follows:
Cow comfort index (CCI) = [ (# cows lying in stalls) / (# cows lying + # cows standing in a stall)]*100
In a trial by Hippen et al. (2007) , the cow comfort index (CCI) was 81.9 and 79.6 for cows bedded with dolomitic limestone (DL) or reclaimed manure solids (RMS), respectively. Nelson (1996) has proposed a value of 80 as a realistic goal, although he did not specify the time of measurement. This index should be measured preferably 2 hours before the morning milking or whenever a minimal amount of feed is available, and cows have not yet been disturbed. Espejo and Endres (2007) found that CCI was negatively associated with the prevalence of lameness and averaged 76 in a dataset of 50 herds in Minnesota.
Stall use index (SUI) = [(# cows lying in stalls) / (# cows not eating)]*100
Hippen et al. reported a SUI, of approximately 75, a value very close to that recommended by Overton et al. (2003) .
Stall Standing index (SSI) = [# cows standing or perching in stalls / all cows in stalls]*100
The values of 18.1 and 20.4 for the stall standing index (SSI) for DL and RMS, respectively were within the range of 6 to 35% reported by Cook et al. (2005) .
Conclusions
Udder health and lameness are two of the most important factors to consider when assessing dairy cattle comfort. Somatic cell counts are closely associated with cow hygiene, particularly of that of the udder and lower legs. Locomotion scoring is a fast and simple way to determine the ability of the cows to walk normally. If used with regularity (e.g. monthly) it can identify individual cows at risk of clinical lameness and help determine the predisposing causes. Locomotion scoring can also be used to estimate the potential production losses in a dairy and use those economic losses to determine the cost-benefit of the corrective measures. Other measurements such as ambient temperature, temperature/humidity index, hock lesion scores, body condition scores, and changes in voluntary feed intake or feeding behavior should be taken into consideration when evaluating the degree of comfort of dairy cattle.
